SUMMARY One hundred and thirteen children (59 boys and 54 girls aged from 2 to 16 years) with end stage renal failure entered the renal dialysis and transplantation programme between 1972 and 1983. They were followed up until December 1985. Ninety eight children were initially treated by haemodialysis in hospital and 15 by renal transplantation. The average wait on dialysis was seven months (range 0-1-43 months). One hundred and six children were given 129 renal transplants, 32 of which were from living related donors.
Patients and methods
One hundred and thirteen children with end stage renal failure were accepted for treatment during the period 1972 to 1983 and were followed up until the end of 1985. The number of new patients treated annually is shown in table 1. Eighteen children who received transplants had first received dialysis at other centres. Eight other children with end stage renal failure were seen during the period, but not accepted for treatment. In four dialysis was not considered because of the age and size of the infants; this was before the development of techniques for long term peritoneal dialysis. Three children were excluded because of severe mental retardation and one because of severe heart disease. The decisions to exclude these patients were made with the full agreement and informed consent of the parents.
The children were between 2 and 16 years old when they started treatment. The initial treatment 120 Of the 98 patients who entered the programme already receiving haemodialysis the median time spent before they received a transplant was 0-64 years (range 1 day-3-8 years). At the end of 1985 two children had not had transplants but were waiting for suitable donors. One of them started treatment in an adult dialysis unit in 1968 when she was 8 years old, and has been receiving haemodialysis at home for 16-5 years. She has had osteomyelitis and endocarditis and developed 100% cytotoxic antibodies. Three other children were treated with continuous ambulatory peritoneal dialysis after developing cytotoxic antibodies due to multiple blood transfusions while they were receiving haemodialysis. One subsequently received a renal transplant and in one, two transplants were rejected.
One hundred and six patients received 129 renal transplants of which 32 were from living related donors. Eighteen patients received a second graft, and five a third graft. The actuarial survival of all transplanted patients was 83% after 13 years (fig 2) . The survival rate of the first graft was 61% after 13 years, and of the second and third graft 57% after seven years. The grafts from living related donors had a 10% better survival rate after five years. 17 The mean observation time of patients with functioning grafts was 4-5 years (range 0-2-12-9).
MORTALITY
Sixteen children (14%) died during the observation period. Nine of the deaths occurred between 1972 and 1976. Four patients died while receiving haemodialysis, a total of one death in 380 patient months. Three of them died after 4, 6, and 23 months, because of gastrointestinal bleeding, hyperkalaemia, and pulmonary oedema, respectively. One child with oxalosis. died from cardiac MORBIDITY The morbidity was analysed by adding the number of days spent in hospital during long term dialysis and the number of days spent in hospital after successful transplantation. During the period of dialysis the children were admitted for a mean of 32-3 days a year (range 1-165). The major complications were thrombosis and infection of the arteriovenous fistula (38%). Others were septicaemia (14%), malignant hypertension (6%), and fluid overload (4%). After successful transplantation children were admitted to hospital for an average of 16-9 days (range 0-170) during the first year, which then decreased subsequently to a mean of 3-9 days (range 0.26) after four years. The usual reason for admission was an increased serum creatinine concentration (46%). Other causes were infections (24%), malignant hypertension (11%), osteochondritis dissecans (6%), and surgical complications of the operation (1%).
The mean (SD) haemoglobin and blood urea concentrations and creatinine clearance in patients with chronic renal failure, end stage renal failure, and those who received haemodialysis and successful renal transplantation are shown in table 4. The best rehabilitation was achieved after successful transplantation. During dialysis the average rate of blood transfusion was one unit of packed red cells a month for each patient.
The growth rates expressed as standard deviation scores of height for chronological age as described by Tanner'8 were consistently low even after successful transplantation (fig 3) . The mean scores include those of the 16 children with infantile cystinosis who had an extremely poor mean standard deviation scores of -5-3 (1-6). Their mean growth after successful renal transplantation, however, was no less than that of the rest of the patients. On the contrary, standard deviation scores of body weight correlated with actual height increased consistently (fig 3) . Hypertension is a major complication of end stage renal failure, and in this retrospective study patients were considered hypertensive only if they were being treated with anti- 103 (17) 66 (11) 66 (8) 103 (16) 128 (15) 133 (17) 134 (17) 133 (22) 122 (26) and creatinine clearance at different stages of 81 had functioning grafts and eight were receiving dialysis. Forty nine patients were receiving conventional immunosuppression with azathioprine and prednisolone, 29 were receiving cyclosporin A, and prednisolone, and three were receiving azathioprine, cyclosporin A and prednisolone. The main complication was hypertension (66%), followed by growth retardation (48%), and Cushingoid appearance (45%). Pubertal development was retarded in 19 of the 61 children (31%) who had entered the pubertal age range. Renal osteopathy was present in 24%, osteochondritis dissecans being the most frequent complication in patients who had had transplants. Cataracts were present in four of 81 patients who had had transplants. Three patients developed liver disease due to azathioprine toxicity in one and haemosiderosis in two. Two required steroid replacement because of adrenal suppression. Of the 30 children treated with cyclosporin A, seven had hypertrichosis and two gingival hyperplasia.
REHABILITATION
Rehabilitation was assessed by the patient's own estimation of state of health, school performance, and occupational performance. In a personal interview 70 of 74 patients (95%) who had had transplants judged their state of health to be good to excellent, but only two of seven patients on dialysis (29%) felt as well as that. Fifty of 52 children of school age who had had transplants were attending school regularly, and two were being taught at The overall survival rate of the children was 81% after 14 years, which is comparable with other large series.10 The mortality of 14% included cases from the early learning period when the dialysis unit was being built up, and after transplantation when too much immunosuppressive treatment led to lethal septic complications. During the last 10 years only seven patients died, comparing favourably with the mortality of 9% reported by Trachtmann.9
The morbidity was considerable in both patients who received dialysis and patients who had transplants. Hospital admissions lasted for an average of 32-2 days a year during dialysis, and for 16-9 days during the first year after transplantation. Later on the average stay decreased to 3-9 days after four years.
Growth is nearly always impaired in children with chronic renal failure.20 21 The short stature is already obvious by the time renal function is reduced to 25%, and becomes even more so after successful renal transplantation. The retardation of growth observed in our series may be worse than in other series because ours included a high percentage of patients with cystinosis (10%). Their development after transplant, however, was not different from the group as a whole. None of our patients was malnourished as shown by standard deviation scores of weight correlated to actual height. Other factors, therefore, such as renal osteodystrophy, and steroid dosage seem to be responsible for retardation of growth. More normal growth after renal transplantation was recently reported, however, when treatment with cyclosporin A had been given, which permitted lower doses of steroids to be used.22 3 Sexual development was unfortunately not adequately documented in our cases, and so only the pubertal stages during the clinical evaluation in 1985 were investigated. At that time 19 of 61 patients of pubertal age showed pubertal retardation, which is consistent with other reports.10 24 Hypertension is another common complication of end stage renal failure that threatens long term prognosis. In our review the incidence of hypertension varied from 65% in chronic renal failure to 77% four years after renal transplantation. One patient with a functioning graft died from hypertensive cardiac failure. The underlying disease and fluid overload are common causes of hypertension during dialysis.25 After renal transplantation, steroids dosage and renal artery stenosis are major causes. 26 Rehabilitation as measured by school attendance and full time employment was excellent after successful transplantation. Most patients judged their own state of health to be good or excellent. We hope that steroid induced complications will become less common in the future as the use of cyclosporin A increases, allowing a major reduction in the use of steroids. Nevertheless, new problems such as nephrotoxicity from cyclosporin A have yet to be solved. 27 The management of children with end stage renal failure and their families comprises a complex regimen of dialysis, hospital admission, medication, nutrition, and operations. It requires a sympathetic staff of paediatric nephrologists, nurses, dietitians, teachers, social workers, and psychologists. Their strenuous efforts will be rewarded by the high rate of full rehabilitation of children who otherwise would not survive. 
